Executive summary
Background
The causes of haematuria can be serious (e.g. bladder cancer) or benign (e.g. vigorous exercise). Haematuria is often detected in primary care settings using urine dipstick tests and this may be regarded as the initiating step in a diagnostic chain. The second step is the establishment of the underlying cause. The possibility of a distinction between nephrological and urological causes is important to allow correct specialist referral at an early stage. The aim of management should be prompt detection and treatment of serious underlying causes of haematuria, whilst minimising the number of tests conducted in patients with benign causes.
Objectives
The objectives of this review were to:
G Summarise the evidence for the efficacy of existing diagnostic algorithms for the investigation of haematuria. G Evaluate the efficacy of tests to detect haematuria. G Evaluate the efficacy of tests to determine the underlying cause of haematuria. G Determine the diagnostic accuracy of tests used to detect haematuria and to investigate its underlying causes. G Analyse the cost-effectiveness of the detection and investigation of haematuria using a critical review of the existing cost-effectiveness literature and decision analysis. G Develop a preliminary diagnostic algorithm for healthcare professionals.
Methods
A systematic review was undertaken according to published guidelines. Decision analytic modelling was undertaken, based on the findings of the review, expert opinion and additional information from the literature, to assess the relative cost-effectiveness of plausible alternative tests that are part of diagnostic algorithms for haematuria.
Data sources
Studies were identified through extensive searches of electronic databases, Internet searches, handsearching journals and conference proceedings, scanning reference lists of included papers and consultation with experts in the field.
Study selection
Two reviewers independently screened titles and abstracts for relevance. Full papers of potentially relevant studies were assessed for inclusion by one reviewer and checked by a second. Published and unpublished studies in any language were eligible for inclusion.
Inclusion/exclusion criteria
Separate inclusion criteria, which related to study design, participant characteristics and outcome measure, were derived for each objective.
Data extraction
Data extraction and quality assessment were performed using standardised forms. All diagnostic accuracy studies were checked by a second reviewer. The quality of the included studies was evaluated using published checklists and criteria.
Data synthesis

Diagnostic accuracy studies
Results were analysed according to test grouping (detection of haematuria, haematuria as a test for disease and further investigation of patients with haematuria) and clinical aim of studies. The sensitivity, specificity and likelihood ratios (of both positive and negative tests results) and diagnostic odds ratios were calculated. Individual study results were presented graphically in receiver operating characteristic space. Pooled estimates of positive and negative likelihood ratios were calculated and median likelihood ratios and interquartile ranges were additionally presented. Heterogeneity was investigated using the Q statistic through visual examination of study results and regression analyses.
Economic evaluations
The identified studies were described and evaluated in a narrative summary, presented in tables and in graphical displays. Separate
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Development of an algorithm for the investigation of haematuria
Data identified by the review were insufficient to inform the development of an evidence-based algorithm. A hypothetical algorithm based on the opinion and practice of clinical experts, combined with information derived from algorithms reported in the literature and the results of the modelling, is presented. This may serve as a guide regarding potential options for current practice and direction of future research.
Results
The searches identified over 12,000 potentially relevant studies. A total of 118 studies met the inclusion criteria (including eight economic evaluations).
Effectiveness of the investigation of haematuria
No studies that evaluated the effectiveness of diagnostic algorithms for haematuria or the effectiveness of screening for haematuria or investigating its underlying cause were identified.
Diagnostic accuracy of tests used to detect haematuria and to determine underlying causes
Detection of haematuria (19 studies)
Eighteen out 19 identified studies evaluated dipstick tests. Data from the majority suggested that these are moderately useful in establishing the presence of, but cannot be used to rule out, haematuria.
Haematuria as a test for the presence of a disease (six studies)
These studies indicated that the detection of microhaematuria cannot alone be considered a useful test either to rule in or rule out the presence of a significant underlying pathology (urinary calculi or bladder cancer).
Further investigation to establish the underlying cause of haematuria (80 studies)
Forty-eight of 80 studies addressed methods to localise the source of bleeding (renal or lower urinary tract). The methods and thresholds described in these studies varied greatly, precluding any estimate of a 'best performance' threshold that could be applied across patient groups. However, studies of red blood cell morphology that used a cut-off value of 80% dysmorphic cells for glomerular disease reported consistently high specificities (potentially useful in ruling in a renal cause for haematuria). The reported sensitivities were generally low.
Twenty-eight studies included data on the accuracy of laboratory tests (tumour markers, cytology) for the diagnosis of bladder cancer. The majority of tumour marker studies evaluated nuclear matrix protein 22 or bladder tumour antigen. The sensitivity and specificity ranges suggested that neither of these would be useful either for diagnosing bladder cancer or for ruling out patients for further investigation (cystoscopy). However, the evidence remains sparse and the diagnostic accuracy estimates varied widely between studies.
Fifteen studies evaluating urine cytology as a test for urinary tract malignancies were heterogeneous and poorly reported. The calculated specificity values were generally high, suggesting some possible utility in confirming malignancy. However, the evidence suggests that urine cytology has no application in ruling out malignancy or excluding patients from further investigation.
Fifteen studies evaluated imaging techniques [computed tomography (CT), intravenous urography (IVU) or ultrasound scanning (US)] to detect the underlying cause of haematuria. The target condition and the reference standard varied greatly between these studies. The diagnostic accuracy data for several individual studies appeared promising but meaningful comparison of the available imaging technologies was impossible.
Economic evaluations/modelling
Eight studies met the inclusion criteria. These studies addressed different parts of the diagnostic chain (e.g. screening programmes, laboratory investigations, full urological work-up). No single study addressed the complete diagnostic process.
The review also highlighted a number of methodological limitations of these studies, including their lack of generalisability to the UK context. Separate decision analytic models were therefore developed to progress estimation of the optimal strategy for the diagnostic management of haematuria. The economic model for the detection of microhaematuria found that immediate microscopy following a positive dipstick test would improve diagnostic ᭤ efficiency as it eliminates the high number of false positives produced by dipstick testing. Strategies that use routine microscopy may be associated with high numbers of false results, but evidence was lacking regarding the accuracy of routine microscopy and estimates were adopted for the model. The model for imaging the upper urinary tract showed that US detects more tumours than IVU at one-third of the cost, and is also associated with fewer false results. For any cause of haematuria, CT was shown to have a mean incremental cost-effectiveness ratio of £9939 in comparison with the next best option, US. When US is followed up with CT for negative results with persistent haematuria, it dominates the initial use of CT alone, with a saving of £235,000 for the evaluation of 1000 patients. The model for investigation of the lower urinary tract showed that for low-risk patients the use of immediate cystoscopy could be avoided if cystoscopy were used for follow-up patients with a negative initial test using tumour markers and/or cytology, resulting in a saving of £483,000 for the evaluation of 1000 patients. The clinical and economic impact on delayed detection of both upper and lower urinary tract tumours through the use of follow-up testing should be evaluated in future studies.
Conclusions
There are insufficient data currently available to derive an evidence-based algorithm of the diagnostic pathway for haematuria. A hypothetical algorithm based on the opinion and practice of clinical experts in the review team, other published algorithms and the results of economic modelling is presented in this report. This algorithm is presented, for comparative purposes, alongside current US and UK guidelines. The ideas contained in these algorithms and the specific questions outlined should form the basis of future research.
Quality assessment of the diagnostic accuracy studies included in this review highlighted several areas of deficiency. Future studies should follow the STARD guidelines for reporting of diagnostic accuracy studies.
The following major outstanding questions for future research were identified: and the National Screening Committee (NSC) who rely on HTA outputs to help raise standards of care. HTA findings also help to improve the quality of the service in the NHS indirectly in that they form a key component of the 'National Knowledge Service' that is being developed to improve the evidence of clinical practice throughout the NHS.
The HTA Programme was set up in 1993. Its role is to ensure that high-quality research information on the costs, effectiveness and broader impact of health technologies is produced in the most efficient way for those who use, manage and provide care in the NHS. 'Health technologies' are broadly defined to include all interventions used to promote health, prevent and treat disease, and improve rehabilitation and long-term care, rather than settings of care.
